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The aim of this immunocytochemical study was to compare mannose- 
binding lectin (MBL) production induced by avian coronavirus in the spleen and 
caecal tonsil (CT). One-day-old specific-pathogen-free (SPF) chickens were ex- 
perimentally infected with six QX field isolates and the H120 vaccine strain. In 
the negative control birds, the spleen was MBL negative, while the CT showed 
scattered MBL-positive cells in close proximity and within the surface epithelium 
and germinal centre (GC)-like cell clusters. MBL was detectable in the ellipsoid- 
associated cells (EACs) and cell clusters in the periarterial lymphoid sheath 
(PALS) by 7 days post infection (dpi). In both organs, the MBL-positive cells oc- 
cupy antigen-exposed areas, indicating that GC formation depends on resident 
precursors of dendritic cells. The majority of MBL-positive EACs express the 
CD83 antigen, providing evidence that coronavirus infection facilitated the matu- 
ration of dendritic cell precursors. Surprisingly, co-localisation of MBL and CD83 
was not detectable in the CT. In the spleen (associated with circulation), the EACs 
producing MBL and expressing CD83 are a common precursor of both follicular 
(FDC) and interdigitating dendritic cells (IDC). In the CT (gut-associated lym- 
phoid tissue, GALT) the precursors of FDC and IDC are MBL-producing cells 
and CD83-positive cells, respectively. In the CT the two separate precursors of 
lymphoid dendritic cells provide some ‘autonomy’ for the GALT. 


Key words: Avian coronavirus, mannose-binding lectin, precursor of fol- 
licular dendritic cell, spleen, caecal tonsil 


Infectious bronchitis virus (IBV) is a coronavirus of domestic fowl (Gallus 
gallus domesticus). The name of the virus refers to its ability to induce upper 
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respiratory disease; however, IBV can also replicate in other non-respiratory epi- 
thelial cells in the kidney (Cumming, 1962; Kinde et al., 1991; Picault et al., 1991; 
Lambrechts et al., 1993), the Harderian gland (Gelb et al., 1991; Toro et al., 
1996), the liver (Ambali and Jones, 1990), and even in semen and eggs (Cook, 
1971). The presence of IBV was reported in the bursa of Fabricius (Cavanagh, 
2007) and in the spleen without causing functional damage (Otsuki et al., 1987, 
1990; Dhinakar Raj and Jones, 1997). The innate immune system operates with 
both cellular elements including macrophages, natural killer (NK) cells, dendritic 
and mast cells, and soluble molecules like type II interferon, complement and 
collectins. The collectin family includes surfactant proteins (SP-A, SP-D, chicken 
lung lectin, cLl, without collagen domain) and mannose-binding lectin (MBL). 
MBL-A and MBL-C were described in mammals, but in chickens only one form 
of MBL can be found and the MBL gene locates on chromosome 6 (Laursen et 
al., 1998). MBL is mainly expressed in the liver of chickens. The serum level of 
MBL varies between 0.4—37.8 ug/ml (Nielsen et al., 1999) and a relationship has 
been revealed between MBL serum level and the severity of disease in the case 
of IBV infection as well as in many other infections caused by Salmonella spp., 
Pasteurella multocida and Ascaridia galli (Nielsen et al., 1999; Schou et al, 
2010; Kjaerup et al., 2013, 2014; Dalgaard et al., 2015; Ulrich-Lynge et al., 
2015a,b; Zhang et al., 2017). MBL has multiple immune functions such as opso- 
nisation, complement activation by initiating the lectin pathway, clearance of 
apoptotic cells, and regulation of inflammation and the adaptive immune re- 
sponse (Ulrich-Lynge et al., 20155; Hamzić et al., 2016). 

One of the major cellular players of innate and adaptive immunity is the 
dendritic cell. An infectious agent and/or an inflammatory stimulus have two 
significant effects on the dendritic cell precursors: stimulate maturation and in- 
duce the expression of surface markers like CD83, and facilitate migratory capa- 
bility (Flores-Romo, 2001; Gunn, 2003; Randolph et al., 2005). CD83 is a solu- 
ble glycoprotein belonging to the immunoglobulin superfamily (Zhou et al., 
1992; Hock et al., 2001; Lechmann et al., 2002; Prazma and Tedder, 2007) and 
the most significant maturation marker of dendritic cells (Zhou and Tedder, 1995; 
Prechtel and Steinkasserer, 2007). The presence of CD83-positive cells was re- 
ported in the B-dependent region of chicken peripheral lymphoid organs, which 
were follicular dendritic cells (FDCs) (Hansell et al., 2007). Subsequent to IBV 
infection, interferons and neutralising antibodies were found in the trachea, lung, 
kidney, liver, bile, and spleen (Otsuki et al., 1987, 1990). 

While it is well-known that ellipsoid-associated cells (EACs) are the pre- 
cursors of interdigitating dendritic cells (IDCs) and FDCs in the spleen (Olah and 
Glick, 1982; Jeurissen et al., 1992; Igyártó et al., 2007), there is no information 
about the precursors of FDCs in the caecal tonsil (CT). The pathogenesis of IBV 
infection in the upper respiratory tract has been convincingly elucidated (Dhina- 
kar Raj and Jones, 1997), but neither the viral effect on the lymphoid organs, nor 
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the contribution of these organs to the production of MBL and other soluble 
components has been revealed yet. The aim of this work was to reveal the effects 
of coronavirus infection on the developing lymphoid organs using antibody 
against dendritic cells and MBL. The MBL expression in the EAC confirmed the 
early finding that EAC — as a resident cell of the spleen — is the precursor of 
splenic IDC and FDC (Olah and Glick, 1982). The MBL and CD83 expressions 
may be provided a chance to identify dendritic cell precursors of the gut- 
associated lymphoid tissue (GALT). 


Materials and methods 


Birds 


One-day-old specific-pathogen-free (SPF) White Leghorn chickens were 
obtained from Prophyl Ltd. (Mohacs, Hungary) and placed in an isolator (Mon- 
tair HM 1500, Koenenberg, The Netherlands). Feed and drinking water were 
provided ad libitum. All studies were conducted according to Directive 2010/63/ 
EU and the National Regulations about Animal Welfare and Ethics [Act 1988/ 
XXVIII modified by Act 2011/CLVIII and Conduct of Animal Trials (Govern- 
ment Regulation 40/2010)]. The National Food Chain Safety Office is authorised 
by the Pest County Government Office to perform animal tests for experimental 
purposes. Seven test groups for field QX isolates and the vaccine strain were 
formed (each including 10 birds) as well as a non-infected, negative control 
group (with 10 birds). For immunocytochemistry and histological examinations, 
two birds were sacrificed at 5, 7, 10, and occasionally 15 or 17 days post infec- 
tion (dpi). 


Virus isolates 


Six IBV QX field isolates (11518, 13887, 20162, 21776, 13547, 11638) 
(Kiss et al., 2015) and the H-120 vaccine strain were used in these studies. IBV 
field isolates and the vaccine strain were provided by the Veterinary Diagnostic 
Directorate of the National Food Chain Safety Office Virus titres were deter- 
mined by egg titration. Briefly, serial dilutions of each examined infectious mate- 
rial were prepared. A 0.1-ml volume of each dilution was inoculated in the allan- 
tois cavity of 9-day-old embryonated eggs. Eight embryonated eggs per dilution 
were used. The titres were as follows: 1057" EID4)/0.1 ml (11518), 10°’ EID5,/0.1 ml 
(13887), 10°” EIDs9/0.1 ml (20162), 10555 EID;,/0.1 ml (21776), 10”? EID5,/0.1 ml 
(13547), and 10°” EID;,/0.1 ml (11638), while the titre of the H120 vaccine 
strain was 10°*° EID5,/0.1 ml (H120). 
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Infection 


Ten one-day-old birds were oronasally infected with 0.05 ml of the QX 
isolates and the H-120 vaccine strain. The same volume of phosphate-buffered 
saline (PBS) was given oronasally to the negative control birds (n = 10). 


Antibodies 


The following monoclonal antibodies (mAb) were used for T cells: anti- 
CD4 and CD8 (Thermofisher Scientific); for B cells Bul (Igyart6 et al., 2008); 
for monocytes/macrophages: 68.2 (Thermofisher Scientific) and KULO1 (Bio- 
Rad); for dendritic cells: 74.3 and CD83; and anti-MBL: MBL clone 6B11 (1:20) 
(Bioporto). Antigens were purified from chicken plasma, while CD83 was pro- 
vided by Collin Butter at 1:200 dilutions for antibody staining (Staines et al., 
2013). The paper induces only the results obtained with anti-MBL and CD83, 
because the other antibodies did not show valuable differences between control 
and infected birds. 


Immunohistochemistry 


Tissue samples (spleen and CT) were embedded in liver and frozen in liq- 
uid nitrogen. The embedding process began with labelling an approximately 
1.5 x 1.5 cm? piece of cardboard with the necessary information. The other side 
of the cardboard was covered with a flat piece of liver cut from the same experi- 
mental bird. The tissue samples to be tested were placed on the liver and covered 
by the rest of the liver to protect the sample from sudden cold. 

Before starting the experiment, a thermoflask (about one litre in volume) 
was filled with liquid nitrogen, and a piece of polystyrene foam (1 cm thick and 
8-10 cm in diameter) was placed on the surface of the liquid nitrogen. The float- 
ing polystyrene foam cooled down in a few minutes. The liver-embedded tissue 
samples attached to the cardboard were placed onto the floating polystyrene 
foam. When the blocks became frozen (the colour of the liver had changed) and 
tilted the polystyrene, the block slid into the liquid nitrogen. The blocks were put 
in a capped tube and stored at —80 °C until cryostat sectioning. 

The 10-pm cryostat sections were fixed in cold acetone for 15 min and re- 
hydrated in PBS. The sections were incubated with primary antibodies at room 
temperature for 45 min. After PBS washing, isotype-specific biotinylated sec- 
ondary antibodies were used. The endogenous peroxidase reaction was either 
blocked by 3% H,O, for 10 min or developed by 3,3'-diaminobenzidine. An 
ABC kit was used to enhance the signals of primary antibodies. The binding sites 
of primary antibodies were detected by 4-chloro-naphtol. For control staining, 
PBS replaced either the primary or the secondary antibodies, and occasionally an 
irrelevant isotype-specific antibody was also employed. 
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In the spleen, the staining patterns of anti-MBL and CD83 were highly 
similar. Therefore, double staining was done to determine their possible co- 
localisation. The procedure of double staining followed the staining procedure 
described above step by step. The binding sites of primary antibodies, MBL and 
CD83 were visualised by 3-amino-9-ethylcarbazol (Vector Laboratories, Burlin- 
game, USA, brown) and 4-chloro-naphtol (Sigma-Aldrich, St. Louis, USA, 
blue), respectively. 


Histology 


The tissue samples were fixed with 4% phosphate-buffered glutaraldehyde 
at 4 °C overnight. PBS was used to remove the excess fixative, and the samples 
were post-fixed in 1% osmium tetroxide for 2 h. The samples were dehydrated in 
graded ethanol and embedded in a mixture of araldite and epoxy resin (Pol- 
ysciences, Warrington, PA, USA). One-micron-thick sections (semi-thin sections) 
were stained with 1% toluidine blue. 


Image processing 


Images were processed using Adobe Photoshop version No. 7.0 (Adobe 
Systems, California, USA). 


Results and discussion 


MBL was not detectable in the spleen of the negative control birds during 
the observation period. In the groups infected with QX isolates and the H120 
vaccine strain the spleens were MBL negative at 5 dpi, while by 7 dpi all groups 
produced MBL in the EACs and cell clusters in the PALS around the central ar- 
tery (Figs 1A, B and C). The EACs are elongated splenic resident cells of hae- 
mopoietic origin (Figs 1B, C and D). The finding that MBL staining appeared 
late post infection (by 7 dpi) underlines the possibility that it may be induced by 
inflammatory cytokine(s) and not directly by the virus. 

Otsuki et al. (1987, 1990) described the presence of coronavirus in the 
spleen without histological and functional damages, while Nielsen et al. (1998) 
reported the presence of MBL-positive, degenerate, macrophage-like cells 
around the ellipsoid induced by IBDV infection. In our study all cells proved to 
be viable, which seems to confirm the observations of Otsuki et al. (1987, 1990). 
The semi-thin sections show neither degenerating nor apoptotic cells around the 
ellipsoid, and in the peri-ellipsoidal white pulp (PWP), which is a B-dependent 
region (Fig. 1E). 

In the spleen the staining pattern of CD83 was highly similar to that of 
MBL (Fig. 2A), which initiated the double staining of MBL and CD83. Dendritic 
cell precursors express CD83 antigen which is present in membrane-bound and 
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soluble forms (Hock et al., 2001). Double staining proved that the majority of 
MBL-positive EACs also expressed CD83 (Fig. 2B). However, in the PALS 
among the cluster cells, there were occasionally single MBL-positive and/or 
CD83-positive ones (Figs 2C and D). 


(A) CD83 antibody shows a similar staining pattern to MBL (see Fig. 1D). (B) Double staining of 
MBL and CD83. MBL-positive EACs express CD83. (C) In the PALS, the clustered MBL-positive 
cells express CD83. (D) Single positive MBL (brown, open arrow) and CD83 (blue, arrow) can be 
found among the double positive cells (arrowhead). (E) Caecal tonsil (CT), 8-day-old control bird. 
MBL-positive cells form germinal centre-like groups (brown), and CD83-positive cells show 
patchy staining (blue) indicating co-localisation of MBL and CD83 
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The MBL staining was most intense around 10 dpi, while a decrease of 
MBL staining was clearly recognisable by 17 dpi (Figs 3A and B). The semi-thin 
sections indicated that around the ellipsoids the number of EACs was highly var- 
iable at 15 dpi (Figs 3C and D). This finding shows that after IBV infection the 
antigen capture system (ellipsoid, EAC) and the B-dependent region (PWP) re- 
generate very slowly. The development of bursal follicles is also retarded 
(Farsang et al., 2018), which influences the splenic B-dependent areas. 

The MBL-positive cell clusters in the developing PALS are the rudiments 
of the GC. In eight-day-old control birds, there is no histological sign of GC 
based on haematoxylin-eosin staining and electron microscopy. Thus, the MBL 
expression in the cell clusters indicates that the functional changes precede the 
morphological manifestation of the GC. To a viral or inflammatory stimulus, the 
EACs not only produce MBL but also express CD83, which shows that the virus 
infection facilitates the maturation of dendritic cell precursors. Therefore, moni- 
toring the MBL expression is one of the useful methods for monitoring the for- 
mation of GC. The MBL and CD83 are co-localised in the EACs and GC-like 
cell clusters, but co-localisation of MBL and CD83 cannot be detected in the CT 
(Fig. 2 E). 

Contrary to the findings in the spleen, the CD83 shows separate ‘patch- 
like’ staining in the caecal tonsils (CT), which is similar to the staining pattern of 
CD83 in thymic dendritic cells of chickens (Bódi et al., 2015). In the CT MBL is 
expressed in both the control (Fig. 4B) and the IBV-infected birds. The MBL- 
positive cells can be found at two locations: in GC-like clusters and under the 
surface and occasionally within the epithelium (Figs 4A, C and D). Surprisingly, 
the cells are segregated according to the intensity of the MBL expression in the 
GC-like clusters (Fig. 4A). The reason for this segregation has not been elucidat- 
ed yet. However, the low MBL-expressing cells generally accumulate on the side 
of the cell cluster that faces towards the surface epithelium. This may show that 
these MBL-positive cells arrived later into the cell cluster. The high MBL- 
expressing cells may be matured, dendritic cells. 

Some studies suggested that MBL production in the CT had been ‘unique’, 
because it appeared without virus infection (Nielsen et al., 1998). However, an 
alternative explanation for the appearance of early MBL production could be that 
certain ‘natural’ antigens in the feed can stimulate dendritic cell precursors for 
MBL production. 

There is no information about the dendritic cell precursors in the CT, but 
the MBL expression may provide a chance for their identification. In the CT the 
MBL-producing cells do not show co-localisation with CD83' cells, therefore the 
MBL-producing and the CD83' cells can represent two different stromal cell 
populations. In the spleen the EACS are the precursors of FDC and IDC, and they 
are positive for MBL production and CD83 antigen. It can be assumed that in the 
CT the scattered MBL-positive cells may represent FDC precursors and the cells 
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in the CD83-positive patchy areas belong to the IDC population. Thus, in the 
spleen the FDC and IDC have a common precursor, EAC, which produces MBL 
and expresses CD83, while in the CT the FDC and IDC have separate precursors: 
the FDC precursors produce MBL and are CD83 negative, while the cells in the 
CD83" patchy areas represent immature and/or mature IDC. 

The spleen is connected to the circulation, while the CT is a part of the 
gut-associated lymphoid tissue (GALT). The differences in the dendritic cell pre- 
cursors between spleen and CT may be related to their anatomical location. In 
the CT two independent cell systems (MBL-producing and CD83") may provide 
a certain level of autonomy for the mucosal immune system. The EACs migrate 
along the penicilliform capillary, not through the red pulp (White et al., 1970), 
therefore the EACs do not enter the circulation, which means that EACs are ex- 
clusively precursors for splenic FDCs and IDCs (Jeurissen and Janse, 1996; 
Igyártó et al., 2007). The KULO1 mAb recognises chicken monocyte/macrophage 
cells of haemopoietic origin (Mast et al., 1998). Staines et al. (2014) reported that 
the KULO1 mAb precipitated a molecule, which is a homologue of the mamma- 
lian mannose receptor called MRCIL-B. The mammalian mannose receptor 
(MRC-1) is a pattern recognition receptor, which is involved in antigen uptake 
and presentation. This molecule is not restricted to macrophages, it is also pre- 
sent on the dendritic cell precursors (Sallusto et al., 1995), which has an antigen 
capture role. In the CT the two separate dendritic cell precursors provide further 
evidence for the common origin and tight functional role of macrophage/ 
dendritic cells. 
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